Abstract Although surgical care has not been seen as a priority in the international public health community, surgical disease constitutes a significant portion of the global burden of disease and must urgently be addressed. The experience of the nongovernmental organizations Partners In Health (PIH) and Zanmi Lasante (ZL) in Haiti demonstrates the potential for success of a surgical program in a rural, resource-poor area when services are provided through the public sector, integrated with primary health care services, and provided free of charge to patients who cannot pay. Providing surgical care in resource-constrained settings is an issue of global health equity and must be featured in national and international discussions on the improvement of global health. There are numerous training, funding, and programmatic considerations, several of which are raised by considering the data from Haiti presented here.
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Introduction: a coordinated and robust response to the global burden of surgical disease
The burden of surgical disease in the developing world, reflecting a multitude of infectious, noninfectious, and injury-related pathologies, has received inadequate attention to date [1] [2] [3] . Among the world's poorest, a single procedure-amputation-is frequently the definitive therapy for a variety of unrelated processes such as trauma, infection, or gangrene [4] ; many die without any care at all. It is increasingly evident that access to surgical services must be rapidly scaled up-in tandem with the development of primary health care infrastructure and programs for maternal and child health and for infectious diseases-to reduce the global burden of disease.
Surgical services in Haiti
Haiti is the poorest country in the Western Hemisphere and is faced, not coincidentally, with the worst health and human development statistics in the region. Inadequate infrastructure and ongoing political instability contribute to high maternal and infant mortality and an average life expectancy of just 53 years [5] .
There are three settings in which surgical care is delivered in Haiti. Private hospitals serve major metropolitan areas but have fees that are beyond the reach of the majority of the population. Public hospitals provide surgical care for a smaller fee, but supplies (sutures, medications, intravenous fluids, blood, and even gloves) must be purchased-frequently off-site, at private pharmacies-by the patient before any procedures take place. Charitable organizations are the third category of surgical care providers, but most of these institutions also charge fees for their services. The parallel existence of these three sources of surgical care is typical of most poor countries and, because of attendant fees, does not allow for adequate access to surgical care for the destitute sick-often the very people most in need of services. Among the multitude of nongovernmental organizations operating in rural Haiti, to our knowledge only one, Zanmi Lasante (ZL), provides a permanent setting in which a wide variety of surgical diseases can be addressed free of charge to the patient. This article describes Zanmi Lasante's experience scaling up surgical services over a 20-year period in a rural, isolated, and resource-poor setting.
Zanmi Lasante: the birth of a ''pro-poor'' hospital and expansion in the public sector
The Boston-based nonprofit organization Partners In Health (PIH) was founded in 1987 to support community health care efforts launched by ZL in a squatter settlement in central Haiti in 1983 [6] . The hillside site of Cange, originally in the midst of a community displaced by the flooding of a fertile valley for the construction of a hydroelectric dam, is about three hours from the capital city, Port-au-Prince, on a largely unpaved and sometimes impassible road. Since its inception, the medical facility at Cange has grown from a small community clinic to a large sociomedical complex registering more than 250,000 visits annually. Today, l'Hôpital Bon Sauveur in Cange is a 104-bed, full-service hospital with two operating rooms; adult, pediatric, and surgical inpatient wards; an outpatient clinic; an infectious disease unit, which includes the national referral center for the treatment of multidrug-resistant tuberculosis (MDR TB); subspecialty services, including women's health, dental, and ophthalmology clinics; laboratories; pharmacies; a blood bank; radiology services; and a broad range of socioeconomic initiatives. The hospital is linked to a network of hospitals and health centers serving the population of Haiti's Central and Artibonite Departments, with a combined population of about 1.2 million people.
A critical component of ZL's growth in this challenging setting is the recruitment and training of community health workers, called accompagnateurs. Today, 2,000 paid accompagnateurs serve as the vital link between ZL's health facilities and patients dispersed across the rural countryside. Their role in the PIH/ZL model of care, particularly for patients living with HIV or tuberculosis, has been discussed in detail in previous publications [7] [8] [9] [10] . A second element of ZL's growth in Haiti is its engagement with the public health sector to expand access to services. Since 2001, ZL has collaborated with the Haitian Ministry of Health to revitalize and reinforce eight public hospitals and clinics in central Haiti, from rebuilding hospitals to installing generators for electricity, to hiring and training staff, to establishing pharmaceutical supply chains. The explicit goal of this public-private partnership was to leverage funds for AIDS and tuberculosis programs, which became available in 2002, to reinforce comprehensive primary health care and to strengthen health systems in general. Users' fees, even within the public sector, remained a barrier for the poorest patients until it was agreed that HIV prevention and care, women's health, TB diagnosis and care, and diagnosis and treatment of all sexually transmitted infections would be considered ''public goods for public health''-provided free of charge to the patient [11, 12] . A major consideration for this partnership was the nearly complete absence of surgical services in central Haiti. Could surgical services be considered public goods for public health?
Surgical services at l'Hôpital Bon Sauveur
Although minor procedures, from draining abscesses to tubal ligations, were done intermittently ever since clinical services were first offered in Cange, it was not until 1993 that an operating room was built. With the arrival of a fulltime obstetrician-gynecologist, over the next several years the OR was used regularly to address obstetrical emergencies. Short-term medical missions from the United States became increasingly surgical over time, but there were neither general surgeons nor anesthesiologists on staff. As the number of patients seeking care for the major morbidities of TB, HIV, diarrheal disease, and chronic noncommunicable diseases grew, more and more patients with surgical disease also came to l'Hôpital Bon Sauveur seeking care. By the late 1990s, there was increased recognition of the need to treat a variety of routine, urgent, and emergent surgical diseases. To meet these needs, ZL built a second OR and a 15- To better understand the volume and variety of surgical procedures at l'Hôpital Bon Sauveur, we undertook a retrospective review of the surgical cases performed between January 2002 and September 2005. We reviewed the operating room logs maintained by the surgical and anesthesia staff for patient age, place of residence, date of procedure, type of procedure, and the specialty involved. Distance traveled to the hospital was estimated as the crow flies based on patients' place of residence. Table 1 Two notable findings confirmed our experiential understanding of the l'Hôpital Bon Sauveur surgical program. First, the total number of patients seeking services has increased significantly, from 241 patients in 2002 to 762 during the first nine months of 2005. Second, the geographic distribution of patients has expanded: in 2002, more than 80% of patients lived within 50 km of the hospital. By 2005, however, more than half the patients traveled over 50 km to Cange for care-a significant journey to a rural, remote area of the country. This expanding catchment area points to the significance of PIH/ZL's accompagnateur model, which allows patients who might otherwise not seek care to be identified and referred from their communities and later followed up in their homes as necessary, but also the importance of providing free care to those who need it. By 2005 a third of all patients undergoing surgery at l'Hôpital Bon Sauveur reported their place of residence to be the capital city of Port-au-Prince-the site of the largest public hospital in the country as well as numerous private surgical practices, all of which require fees for services. The widening geographic distribution of the ZL patient base over time presents convincing evidence of the surgical service's importance not just to the Central Plateau region, where the hospital is located, but to the country as a whole, as cost and/ or quality of care are prohibitive factors even when other facilities are available.
A wide variety of surgical pathology was addressed at l'Hôpital Bon Sauveur, with common procedures dominating the census (Table 2 ). General surgery accounted for almost half (47.6%) of all cases, obstetrical and gynecological cases a third (32.6%) of all cases, and urologic, Over the years, PIH and ZL have drawn on both the public health and human rights paradigms to help build and keep afloat a surgical program in a setting in which fee-forservice models are doomed to fail. Outside assessments and some members of the ZL staff suggested that certain surgical services could be provided on a sliding payment scale, but even a cursory study of this approach led us to conclude that triaging patients' ability to pay would have required significant resources and yielded little. It would have cost more to perform such means tests than could be recovered through patient fees. For the destitute sick, the great majority of our patients, the only hope for access to such services came from operationalizing the notion of health care as a human right and maintaining free access to surgical services as we do for medical services [13] . Efforts to keep afloat ZL's rights-based surgical program proved taxing; by 2003, ZL was seeing patients from around the country, the costs of the program continued to rise, and no foundations or international funding mechanisms existed to support the provision of surgical services-even emergency obstetrics-to the very poorest.
The connection between women's health and surgical care may well help us to move forward the general surgical agenda in resourced-constrained settings, as we argue in an accompanying editorial [14] . Because there is a strong focus on women's health in both primary care and HIV services at Zanmi Lasante, it is no surprise that women also constitute the majority (55%) of surgical patients in this review. Although there is to date little enthusiasm for the notion of a right to surgical care, there is a growing movement to promote safe childbirth as a right-a possible entry point for promoting a broader agenda for surgical care in resource-poor settings.
Many challenges remain for ZL to be able to fully address the burden of surgical disease in the Central Plateau and beyond. These challenges are shared in other similarly poor and rural areas worldwide: inadequate basic infrastructure, lack of trained health-care workers, and lack of large-scale, sustained funding for surgical services.
This last issue-the question of consistent funding sources-is one of utmost importance. The logistics and capital costs of setting up a surgical theater are not trivial. Appropriate space, blood-banking, well-trained surgical and postoperative staff, proper tools and supplies, stable electricity, and accessible telecommunications are all essential for high-quality care. The World Bank, among others, has suggested that surgical services incorporated into hospital-level care may be as costeffective as otherlarge-scale public health initiatives [1, 15, 16] . However, large public health initiatives and funders often lack the flexibility and long-term mandate to support the construction of surgical theaters or the regular procurement of consumables, let alone the provision of free care to patients who are unable to afford user fees.
Staffing is a second major challenge. The World Health Organization (WHO) estimates that more than four million workers are needed worldwide to meet health-care needs, with sub-Saharan Africa and parts of Asia the most understaffed [17] . The dearth of health personnel is even more striking in specialty fields. Shortages in surgical staffing include anesthesiologists, specialist and general surgeons, and nurses trained in postoperative or intensive care. The ''brain drain'' of workers from low-income to higher-income settings contributes to staffing gaps [18] [19] [20] . The AIDS epidemic and its attendant psychological burdens have demoralized health professionals and even further reduced their numbers [21, 22] . Alongside an absolute shortage of health-care workers, the distribution of existing personnel between capital cities and rural areas is severely imbalanced, and encouraging health personnel to live and work in rural areas can be difficult.
In addition to providing sufficient remuneration, ongoing training, and career-development opportunities, ZL has succeeded in retaining surgical staff in part because of the powerful motivator of providing health-care workers with the tools they need to perform their trade-namely, medicines, supplies, and adequate facilities. Targeted, local training efforts can also help overcome staffing shortages. At l'Hôpital Bon Sauveur, the chief of anesthesia is a nurse anesthetist from the area who was one of 19 NAs trained by Médecins Sans Frontières in Haiti between 1998 and 2002. Unfortunately, very few of these graduates are working in the public sector in Haiti; many are not working as NAs at all.
In some cases, visiting staff can effectively supplement in-house capacity. Well-organized, short-term surgical missions can address complicated surgical issues if highquality follow-up care and services are available after the visiting surgeons leave. Developing residency training programs for U.S. surgeons based in resource-poor settings is one way to accomplish this. We have done this for medical residency [23, 24] ; now we need to do it for surgery. In extreme cases, some surgical patients with conditions that cannot be addressed in situ in Haiti have required intervention in the United States. PIH's Right to Health Care program serves patients with life-threatening medical and surgical needs that cannot be met at l'Hôpital Bon Sauveur or other hospitals in Haiti. Recent interventions have included surgery for repair of tetralogy of Fallot and rheumatic mitral valve disease, total hip replacement, neurosurgery for excision of meningioma, nephrectomy, and plastic surgery management of severe burns.
Conclusion
Surgical disease has been neglected as a serious public health problem despite its major contribution to death and disability worldwide [16] . Half a million women die of pregnancy-related causes every year; leading causes such as hemorrhage and obstructed labor have effective surgical interventions that are simply not available to those who need them most [25] . Annually, more than one million people lose their lives to road traffic accidents, and 875,000 children and adolescents die as a result of injuries such as burns and falls [2] ; these pathologies all have surgical therapies that can save lives or prevent disability.
Recently there has been increasing acknowledgment of the importance of surgical care in public health. In 2005, the WHO established the Global Initiative for Emergency and Essential Surgical Care (GIEESC) with the aim of improving collaborations among organizations and agencies involved in reducing morbidity and mortality from surgical conditions [2] . Further discussions have appeared recently in both medical and surgical journals [26, 27] , and the second edition of the World Bank's influential Disease Control Priorities in Developing Countries included a chapter on surgery [1] . The Bellagio Conference in June 2007 brought together leaders in surgery, anesthesia, obstetrics, health policy, and health economics from Africa, Europe, and the United States, who collectively concluded that a significant proportion of the global burden of disease is surgical, that with investments in infrastructure and training a majority of surgical disease can be treated or prevented at first-level referral centers, and that the integration of surgical services with primary health care services will be essential for prevention and referral efforts [16] . Zanmi Lasante's experience providing surgical services in impoverished rural Haiti suggests that these recommendations are urgent and actionable.
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